Six grades of biopolymers formulated to have oil content of 40% (M 1 ), 50% (M 2 ), and 60% (M 3 ) melon seed oil (MESO) and 40% (C 1 ), 50% (C 2 ), and 60% (C 3 ) cottonseed oil (COSO) respectively, were prepared with phthalic anhydride, and glycerol using alcoholysis-polycondensation process. The extend of polycondensation was monitored by determining the acid value of aliquots of the reaction mixture at various intervals of time. Molecular weight averages and polydispersity index (PDI) of the finished alkyds were determined by Rast method and end-group analysis. Molecular weight averages and PDI vary with differences in oil length of the alkyds, with samples M2 and C 2 respectively exhibiting the highest PDI. Molecular weight average obtained from end-group analysis and those determined by Rast method in brackets are 1338.92 (597.00), 982.33 (696.25), 1316.09 (754.03), and 1160.57 (448.13), 765.96 (583.57), 1049.92 (696.25) for samples M 1 , M 2 , M 3  and C 1 , C 2 , C 3 respectively. Number molecular weight averages calculated from end-group analysis are larger than those obtained by Rast method for both MESO and COSO alkyds and seem to grossly overestimate their molecular weights. The mode of variation of these properties indicates that the synthesis of MESO and COSO alkyds are complex. Correlation of PDI with the quality of the finished alkyds shows that the higher the PDI value the better the quality of the alkyd. Performance properties such as rate of drying, film hardness and resistance to chemicals were optimum at 50% oil length for both triglyceride oil alkyds.
Introduction
Alkyd resins have been identified as one of the biopolymers synthesised from triglyceride oils [1] . It is a key ingredient of all surface-coating products like paints, primer, adhesives, printing ink [2] and varnishes. They are tough resinous materials prepared via an esterification reaction among polybasic acids, polyols and monoacids (commonly fatty acids from vegetable oils or fats) [3] .
Alkyd resins have been recognized as complex systems because of the variety of ingredients used in their preparation and the possibility of formation of three-dimensional network [4] [5] . Alkyd resin usually consists of mixtures of low, medium and high molecular weight species. Hence, its properties depend on the average molecular weight and molecular weight distribution. It is well known that the end-use properties of alkyd resin as coatings become optimum at a region along the extent of reaction co-ordinate when appreciable larger molecules begin to form, i.e., cross-linking of molecular chains [5] [6] . Thus, the physical, chemical and mechanical properties of alkyd resins like other polymers are dependent on their relative sizes or molecular weight [5] [7] [8] .
Generally, properties of polymers are determined by the molecular properties-molecular structure, polarity and flexibility of the polymer chains. For instance, rate of oxidation of film deposited, and its toughness and resistance to degradation, have been found to be related to the molecular weight of the alkyd [7] [9] . Similarly, the stability of alkyds on storage and their solubility in conventional hydrocarbon solvents, for example, white spirit, commonly employed in modifying their viscosity, are both dependent on their average molecular weights [8] . Therefore, knowledge of the average molecular weight and molecular weight distribution of the finished alkyds is of utmost importance in their practical application [8] and as a means of evaluating their performance as binders in surface coatings.
However, in processing alkyds for optimum coating performance, it is required that the molecular weights are not too large; otherwise, the alkyd may convert into an intractable gel and become out of control or too low such that its coating performance is impaired [8] . Thus, alkyd resins of appreciable molecular sizes that would ensure trouble-free processing, exhibit stability on storage and perform well during application are desirable for the alkyd chemists and technologists.
In our previous studies [10] [11] , it has been discovered that melon seed and cottonseed oils are potential raw material for substituting imported drying oils for use in the Nigerian surface coating industry. Hence, the need for further research involving the determination of molecular weight of these products uses different methods in order to ascertain the method suitable for routine analysis of the alkyds.
The use of cryoscopic or Rast method for determination of the weight-average molecular weight, w M , number-average molecular weight, n M , and polydispersity of alkyd resins have been reported [4] [8] [12]- [14] . Absolute methods of molecular weight determination such as light scattering and osmometry require sophisticated and expensive equipment, often; experiments take long time to complete. Many industries cannot afford such sophisticated equipment and lack personnel to handle it. Thus, such methods are unsuitable for routine analysis required in the surface coating industry, since empirical rather than absolute molecular weights are needed. This research is therefore aimed at comparing the average molecular weights of cottonseed and melon seed oils alkyd resins obtained by end-group analysis and Rast method, in order to ascertain the method suitable for routine analysis of molecular weights of these alkyd resins.
Materials and Methods

Materials
Triglyceride oils used for alkyd resins preparation were locally sourced. COSO was purchased at Sabongari market, Kano, while melon seeds were purchased at Akpan Andem market, Uyo, processed and the oil soxhlet extracted using the method described in our previous work [11] . Technical grade phthalic anhydride, glycerol, xylene and lead (II) oxide were obtained from commercial sources and used without further purification in the preparation of COSO and MESO alkyd resins. A micro-analytical reagent (MAR) camphor obtained from commercial source was used in the determination of melting points of unfractionated alkyd samples.
Preparation of Alkyd Resins
Six grades of alkyd resins formulated to have oil content of 40% (M 1 ), 50% (M 2 ), and 60% (M 3 ) MESO and 40% (C 1 ), 50% (C 2 ), and 60% (C 3 ) COSO respectively, which were prepared with phthalic anhydride, glycerol and xylene in the previous study [10] , were used in this experiment. Aliquots of the reaction mixture were withdrawn at 20 min intervals and the acid value determined by titrimetric method [15] . The recipe for the formulation of short, medium and long oil alkyds of MESO and COSO respectively reported elsewhere [16] .
Determination of Molecular Weights of Alkyd Samples
Rast method and end-group analysis were employed in the determination of the average molecular weights of the alkyd samples.
Cryoscopy (Rast Method)
Number-average molecular weights ( ) det M of the finished alkyds were determined by the cryoscopic method employing the freezing-point depression of camphor [14] . Alkyd sample (0.05 g) was weighed into a test tube, then, 0.5 g of pure camphor (MAR) was weighed into the test tube. The test tube was stoppered loosely with a cotton wool and the content was melted by placing it in an oil bath, previously heated to about 140˚C, for about 1 min. It was allowed to cool down and the content was transferred to a clean watch glass and powdered. Some of the powder was introduced into a thin capillary tube of which one end was carefully sealed in a flame and its
was computed from the expression in Equation (1).
where y is the weight (g) of alkyd sample, Z is the weight (g) of pure camphor, T 1 is the melting point of the mixture of camphor and alkyd, T 2 is the melting point of pure camphor and k is the molecular depression constant of camphor and equals 39.7 [14] .
End-Group Analysis
The extent of the reaction ( ) ( )
where w is the total weight of all the ingredients charged, k, the ratio of the total moles of all ingredients charged to total equivalents of the acid ( ) A o M e ; and e A , the total equivalent of the acid. These parameters were calculated in our previous studies [16] .
where M o is the average molecular weight of the repeating unit of the alkyd and it is expressed as follows:
where Q, P and G are respectively the number of moles of the oil, diacid and glycerol used in the formulation [16] and MW 1 = 265.95, MW 2 = 132.00, and MW 3 = 89.60 are the approximate molecular weights of oil, diacid and glycerol, respectively, corrected for the possible loss of end groups [5] [7] [8] . 
Results and Discussion
Molecular Weight Characterization of MESO and COSO Alkyd Resins
It is observed from Figure 1 and Table 1 that during the early stages (up to 60 min) of MESO alkyd synthesis, there seems to be no substantial increase in the molecular sizes of the reaction mixture. However, an appreciable increase was observed as the reaction progressed. Similar observation was made for COSO alkyd samples (C 1 )-(C 3 ), such that during the early stages of reaction (up to 80 min), no substantial increase in the molecular weights were observed (Figure 2 and Table 1 ). However, an appreciable increase was observed, especially for sample (M 1 ) after about 120 min followed by sample (M 2 ) and finally M 3 having the least values for MESO alkyd samples. Similarly, the molecular sizes of COSO alkyd reaction mixture increases from C 1 through C 2 with C 3 having the least value after 180 min of reaction (Figure 2) . This observation may be because the two oils are semi-drying oil [10] [11] . Further more, the shapes of these plots depict the complexity in the changes in the molecular sizes of the reaction mixture. The low molecular weight of the alkyds observed at the beginning of the reaction was attributed to the low rate of polymerization. Increase in the polymerization rate resulted in the corresponding increase in molecular weight. This trend continued until the gelation point, at which structural changes began to occur in the polymer size of the molecules in solution. This observation is in agreement with literature reports for castor oil and rubber seed oil alkyds [5] [8] [17] . It is also evident from Figure 1 and Figure 2 and Table 1 that the number-average molecular weight as well as weight-average molecular weight of the in-process samples decreased with an increase in the oil lengths as also reported in literature for rubber seed oil and castor oil alkyd resins [8] [17] . Nagata [6] suggested that an increase in oil length increases the amount of fatty acid available for reaction, which in turn results in a higher chance of termination of chain growth, resulting in lower molecular weight polymers. The above statement is applicable if fatty acid is used. On the other hand, when triglyceride oil is used as in this research, the termination might be due to the possibility of the presence of traces of diglycerides in the reaction mixture, if the triglycerides were not completely converted to monoglycerides during the alcoholysis stage of the reaction. The presence of diglycerides can terminates the polymerization and hence low chain length. The trend in the variations of molecular weights of MESO alkyds were as follows: 40% crude melon seed oil alkyd sample (M 1 ) greater than 50% crude melon seed oil alkyd sample (M 2 ) and 60% crude melon seed oil alkyd sample (M 3 ). Those of COSO alkyds were similar to its MESO counterparts: C 1 greater than C 2 and C 3 .
The weight-average molecular weight, w M , the number-average molecular weight n M and polydispersity of MESO and COSO alkyd resins calculated at the region where deviation from linearity was observed in Figure 1 and Figure 2 as well as average molecular weight determined using cryoscopic method, det M , are presented in Table 2 . On the other hand, Figure 3 and value for cottonseed oil alkyd samples increases from 448.13 for sample C 1 , 583.57 for sample C 2 and 696.25 for sample C 3 (Table 2 and Figure 4) . These results is in collaboration with those of crude melon seed oil alkyds counterpart above and are comparable with those reported in the literature for rubber seed oil alkyds resins [4] . It differs from those reported by [8] in which the n M , w M and PDI in parentheses for short, medium and long oil alkyd samples of rubber seed oil obtained by gel permeation chromatography were 3234, 6186 (1.9); 1379, 2147 (1.56); and 3304, 8406 (2.56) respectively. The medium oil had the least PDI value, while in this research; the medium oil had the highest PDI value. This could be attributed to the difference in method used for obtaining n M and w M values, which in this case is end-group analysis. The PDI values as observed in Table 3 vary with reaction time with short and medium oil alkyd of both MESO and COSO alkyd samples being higher than that of long oil alkyds of the two oil samples. Hence, the PDI obtained by end-group analysis increases with increase degree of polymerization. The unusual high value of PDI of 23.63 for M 1 compared to it C 1 counterpart of 5.48 ( Table 3) , could be due the fact that crude and not refined MESO was used for preparation alkyd sample M 1 , while refined COSO was used for preparation of alkyd sample C 1 .
These molecular weight averages and PDI show that the reaction mixture is constituted of low molecular weight species. This could be due to the possibility of the presence of diglycerides, which terminates the polymerization, and hence low chain length. The PDI clearly indicate that the size distribution is broad. However, 50% MESO alkyd sample M 1 and 50% COSO alkyd sample C 1 with the highest PDI value of 3.65 2.24 respectively can be considered as having the broadest molecular weight distribution.
The results on Table 2 as well as Figure 3 and determined from Rast method for both melon seed oil and cottonseed oil alkyds. The discrepancy between det
